SUMMARY We studied antegrade concealed conduction of alrial extrastimuli (A 2 ) that blocked in the atrioventricular (AV) node in eight subjects, using a third extrastimulus (A 3 ), coupled at decreasing coupling intervals to A 2 . Three A,-A 2 intervals were tested in each subject: late (just shorter than AV nodal effective refractory period), CONCEALED conduction is defined as the effect of a partially penetrating impulse on conduction of a subsequent impulse.
CONCEALED conduction is defined as the effect of a partially penetrating impulse on conduction of a subsequent impulse. 1 Common examples of concealed conduction include the P-R prolongation that follows blocked interpolated premature atrial or ventricular contractions.
2 " 4 In both cases, concealed conduction usually is in the atrioventricular (AV) node. 58 It has been suggested that the depth of penetration is related to the timing of the blocked premature impulse.
3 -"• '" For example, with antegrade concealed conduction of blocked atrial premature impulses, one might expect deep penetration of a late impulse with a marked effect on subsequent impulse conduction and superficial penetration of a very early impulse with minimal or no effect on subsequent conduction.
In the present study we have attempted to quantify concealed conduction of antegrade blocked premature atrial contractions, using His bundle recording and extrastimulus techniques. We were specifically interested in how the timing of blocked atrial impulses affected the conduction of subsequent impulses.
Methods
Eight subjects were studied during diagnostic electrophysiological study for suspected sinus node or intraventricular Received April 2, 1976 ; accepted for publication July 9, 1976. conduction disease. To be included in this study, subjects had to show AV conduction limited to the AV node and a zone of coupling intervals of at least 50 msec separating the AV nodal effective refractory period and the atrial functional refractory period. In addition, the AV nodal conduction curves during the control state had to be continuous (not discontinuous, as in the case of dual AV nodal pathways) and stable."- 12 The study group consisted of six males and two females, between 48 and 75 years in age. Five had suspected sinus node dysfunction, and three had intraventricular conduction defects. All eight showed intact AV conduction during sinus rhythm, two (cases 1 and 2) had prolonged A-H interval (normal = 54-130 msec) and five (cases 1, 3, 5, 7, and 8) had a prolonged AV nodal effective refractory period (normal = 235-380 msec) during sinus rhythm.
Electrophysiological studies were performed in the postabsorptive, nonsedated state. Cardiac medications were discontinued at least 72 hours prior to the study. Informed written consent was obtained from each subject. A tripolar electrode catheter was placed across the tricuspid valve percutaneously via the femoral vein for His bundle recording; 13 a second, quadripolar, electrode catheter was positioned at the high lateral right atrium percutaneously via the other femoral vein. The distal two electrodes were used for atrial stimulation, and the proximal two electrodes were used to record high right atrial electrograms. Multiple electrocardiographic leads and high right atrial and His bundle electrograms were simultaneously recorded on a multichannel oscilloscopic recorder (Electronics for Medicine DR-16) at paper speeds of 100 and 200 mm/sec. Recordings also were stored on an eight-channel tape system for further analysis. Stimuli were rectangular waves, approximately twice diastolic threshold and 2 msec in duration, and were provided by a programmable digital stimula- VOL. 39, No. 5, NOVEMBER 1976 tor (M. Bloom, Philadelphia). For each subject, the properties of the AV conducting system were evaluated by the incremental pacing and extrastimulus techniques. The atrial functional refractory period was defined as the shortest attainable A,-A, interval. The AV nodal effective refractory period was defined as the longest A,-Ai interval at which Ai was not conducted to the His bundle. 14 
ELECTROPHYSIOLOGICAL PROTOCOL
For each subject (at an atrial driven cycle length slightly shorter than sinus cycle length) the zone encompassing the AV nodal effective refractory period (outer limit) and atrial functional refractory period (inner limit) were defined (Fig.  1A) . By definition, within this zone all A, were concealed within the AV node, except for sporadic conduction of A 2 at intervals close to the AV nodal effective refractory period. Three A,-Ai coupling intervals then were tested with a third extrastimulus (Aj) which was moved closer to A 2 in 5-to 10-msec decrements. The three A,-A, intervals tested included a long A,-A 2 , which was just shorter than the AV nodal effective refractory period (Fig. IB) , an intermediate A,-Aj (Fig. 1C) , and a shortest A,-A,, which was just longer than the atrial functional refractory period ( A,-A 2 interval in the eight subjects ranged from 50 to 180 msec with a mean ± SD of 107 ± 42 msec.
DATA ANALYSIS AND RATIONALE OF STUDY
H^H , responses were plotted as a function of A,-A 3 coupling intervals for each of the three concealed A, tested. A control A,-A,, H,-H, curve also was plotted (without A,) (Fig. 2) . Plotting of A,-A,, H,-H 3 curves with the control curve allowed determination of the presence or absence of concealed conduction. If A, failed to penetrate the node because of AV nodal entry block, then the A,-A a , H,-H, curve would be identical to the control curve. However, if A 2 penetrated the node, the resultant curve could be expected to be shifted upward and rightward, demonstrating the presence of concealed conduction (Fig. 2) .
In addition, A,-H s responses were plotted as a function of A,-A, coupling intervals for the three concealed beats in each subject. This allowed examination of AV nodal conduction time (A,-Hj) following the concealed A, at identical A 2 -A, coupling intervals (Fig. 3, left) . AV nodal recovery time, defined as the shortest A,-A, coupling interval at which A, was conducted to the His bundle, also was measured for the 3 concealed beats (Fig. 3, right) . The plotting of A,-A,, A^Hj curves allowed us to isolate A, and its effects on subsequent conduction. If A, penetrated only superficially, minimal effects on A,-H, and on AV nodal recovery time would be expected (Fig. 3, top panels) . If penetration was intermediate, more effect on A,-H a and AV nodal recovery time would be expected (Fig. 3 , middle panels). With deep penetration, the most marked effects on conduction and recovery time would be expected (Fig. 3 , bottom panels). We recognize that with the above method of data analysis, superficial penetration with slow conduction might mimic the expected effects of deep penetration. The same limitation would hold true for deep penetration with rapid conduction, which would mimic superficial penetration. 
Results
Tabulated results for the eight subjects are presented in Table 1 . Analysis of A,-A,, H r H , curves in all eight subjects revealed that the presence of A, shifted the curves rightward and upward (compared to the control curve), suggesting concealment of A, to the AV node. An example is shown in Figure 4 . The degree of rightward and upward shift was related proportionally to the timing of the blocked A,. An early concealed A, produced the least shift, intermediate concealed A,, an intermediate shift and a late concealed A,, the most rightward and upward shift. AV nodal entry block of A 2 was not observed in any of the eight subjects.
Analysis of A,-A,, A,-H, curves for the three concealed A, in each subject revealed that AV nodal conduction times (A,-H,) were minimally affected by a change in the timing of the concealed A,. Typical examples are shown in Figures  5 and 6 . AV nodal recovery times also were minimally affected by a change in the timing of the concealed A,. This was demonstrated by plotting for each of the eight subjects the recovery times against the concealed A r A , tested (Fig.  7) . The maximum change in recovery time, comparing longest and shortest concealed A,, ranged from 0 to 80 msec with a mean ± SD of 29 ± 25 msec. These were small changes when compared to the range of concealed A,-A, tested in each of the subjects, which ranged from 50 to 180 msec with a mean ± SD of 107 ± 42 msec. The AV nodal recovery time was longest for the longest Ai-A 2 in two subjects (cases I and 2), longest for the intermediate A,-A 2 in one subject (case 6), longest for the shortest A,-A 2 in two subjects (cases 4 and 5), and showed no significant change (a change of 10 msec or less) in three subjects (cases 3, 7, and 8) (Fig. 7) . In five of eight subjects, A 2 conducted sporadically to the His bundle at the longest tested A,-A, interval (cases 1, 3,4, 5, and 8). In all five subjects there was a marked increase in AV nodal conduction times (A 3 -H,) when sporadic conduction of A s occurred (Figs. 8 and 9 ). In four of the five subjects (cases 3, 4, 5, and 8), AV nodal effective refractory period could be measured using the sporadically conducted A, and the extrastimulus A 3 . These values for effective refractory periods were consideraly longer than AV nodal recovery times with late concealed A, (Figs. 8 and 9 ).
Discussion
In 1948 LangendorP introduced the term "concealed conduction" to describe the effect of an incompletely penetrating impulse on subsequent impulse conduction or formation. Subsequent studies on animals and humans have demonstrated that concealment of a nonpropagated impulse or incompletely penetrating impulse can depress conduction of a subsequent impulse.
2 " 9 Concealed conduction can occur at a number of sites in the AV conducting system.'• 1B The most common site of concealment appears to be in the AV node. The concept of concealed conduction is essential to an understanding of complex arrhythmias.
Quantification of concealed conduction relating the timing of a blocked impulse to subsequent conduction has been infrequently reported. Moe zone (28-33% of basic cycle length) during which the AV nodal conduction time (A,-H,) of the subsequent impulse (A 3 ) was not affected by the presence of a blocked A,. However, they did not systematically describe AV nodal conduction and recovery time for A, with AV nodal entry block. Although AV nodal entry block probably is a real electrophysiological phenomenon, the electrophysiological diagnosis of AV nodal entry block would necessitate plotting of both AV nodal conduction times and recovery times.
It has been suggested that the depth of penetration into the AV node is related to the timing of a blocked impulse.'-•• 10 A late blocked impulse should penetrate deeper than an earlier blocked impulse, and thus produce more marked effects on the conduction of subsequent impulses. However, studies on the isolated rat heart by Van Capelle et al." demonstrated that after a blocked impulse (A,) AV nodal recovery time changed only minimally in relation to the timing of A,, and that a sudden increase of AV nodal recovery time (refractory period) occurred when A, was conducted. In our present study we demonstrated that both AV nodal conduction time and recovery time after a blocked impulse changed only slightly with changes in the timing of blocked A 2 , and that a drastic prolongation of both AV nodal conduction time and recovery time occurred when A, was conducted to the His bundle. These results could not be explained by the hypothesis that late blocked impulses have greater effects on subsequent impulse conduction because of deeper penetration.
Our present results may be explained in several ways. Hoffman and Cranefield" have suggested that the weakest link in AV nodal conduction tissue occurs at the atrionodal junction (A-N region). If this were the case in man, then both AV nodal conduction and recovery time might not change significantly, despite change in the timing of A 2 , because A 2 would be blocked in the proximal AV node. mal to the site of block shortened considerably and allowed conduction of a second impulse which otherwise would have been blocked. If such were the case in man, AV nodal conduction and recovery times might not change significantly in relation to the timing of the blocked A,, even with different levels of penetration, and both would be lengthened markedly if A, was conducted to the His bundle. Our present study was performed at a cycle length just shorter than sinus cycle length. Similar studies at shorter cycle lengths would be of interest. One could expect an increase in AV nodal effective refractory period and widening of the zone of concealment; this would allow a wider range of A ,-A, intervals to be tested. Whether or not a more pronounced effect on AV nodal conduction times and recovery times would occur with these studies is not known. However, studies by Van Capelle et al." on the isolated rat heart demonstrated that changes in basic driven cycle lengths did not have much influence on the AV nodal recovery times after a blocked atrial impulse; only at the shortest driven cycle length was a minimal displacement of curves seen.
In summary, the present study has several interesting electrophysiological implications relevant to surface electrocardiography in man. First, blocked atrial premature beats usually should affect subsequent impulse conduction because of concealed conduction to the AV node. Lack of effect of such beats on subsequent conduction, because of AV nodal entry block, should be unusual. Second, conduction time (P-R interval) after a blocked atrial premature beat should be dependent on the coupling interval of the subsequent impulse to the blocked impulse, and not on the timing of the blocked atrial premature beat. This should be true, since we have demonstrated that time required for antegrade concealed conduction of a blocked atrial premature beat is relatively fixed, and independent of the timing of the blocked premature beat. Third, the slow conduction of an impulse has a much greater effect than concealment of an impulse on subsequent impulse conduction.
